Filamentous particles of rice grassy stunt virus, a member of the rice stripe virus group, were found to be associated with an RNA-dependent RNA polymerase activity. The general properties of this RNA polymerase were similar to those of that associated with particles of rice stripe virus. A minor polypeptide (mol. wt. 230000), which may be the polymerase, was detected in virus preparations.
Rice grassy stunt virus (RGSV), which is transmitted by the brown planthopper (Nilaparvata lugens Still) in a persistent manner, was first found in the Philippines (Rivera et al., 1966) . In 1978, RGSV disease was also found in the southern part of Japan (Iwasaki & Shinkai, 1979) . Virus-like particles, 20 to 25 nm in diameter, were reported in RGSV-infected rice and viruliferous planthopper tissues (Pellegrini & Bassi, 1978; Shikata et al., 1980) . However, filamentous particles as well as small isometric particles have been isolated from RGSVinfected rice plants and these filaments are thought to be the virions of the virus causing the disease (Hibino et al., 1985) . When centrifuged in sucrose density gradients, purified filamentous particles of RGSV formed the distinct components M (M~ and M2), corresponding to B1 and B2 in Fig. l(a) in this paper, and, more faintly, B which appears below the M component. Only the heavier B component is infectious (Iwasaki et al., 1984) ,just as the heaviest component (nB) of rice stripe virus (RSV) is infective (Toriyama, 1982) . Purified filamentous preparations of RGSV (e.g. B1 and B2 in Fig. 1 a) contain four species of RNA, mol. wt. 1.45 x 10 6, 1.3 x 10 6, 1.2 x 106 and 1.15 x 106, and two proteins of mol. wt. 31500 and 34500 (Toriyama, 1985) , although only one protein of mol. wt. 31000 was reported by Hibino et al. (1985) .
Filamentous particles of RGSV are serologically distantly related to those of RSV (Hibino et al., 1985) and RGSV has been classified in the RSV group (Toriyama, 1986a ). An RNAdependent RNA polymerase is closely associated with the filamentous nucleoproteins of RSV and catalyses the synthesis in vitro of single-and double-stranded RNAs equivalent in size to RSV RNA species (Toriyama, 1986b) . This paper describes an RNA-dependent RNA polymerase associated with particles of RGSV.
A Japanese isolate of RGSV and its vector N. lugens were kindly supplied by Dr A. Shinkai (Kyushu National Agricultural Experiment Station, Fukuoka, Japan). The virus was maintained and propagated in O0'za sativa cultivar Nihonbare by serial transmission by viruliferous N. lugens. The virus was purified by a modification of the method described previously (Toriyama, 1985) which was also used successfully to purify RSV (Toriyama, 1986b) , except that the sucrose density gradients were centrifuged for 3 h. RNA polymerase activity was assayed as described previously (Toriyama, 1986b) . Purified RGSV, 10 to 20 ~tg, was incubated in 50 ~tl of standard assay mixture containing 50 mM-Tris-HC1 pH 8. (130 mCi/mmol, Amersham). After incubation for 1.5 h at 40 °C or 0.5 h at 46 °C, the reaction was terminated and the a m o u n t of radioactivity insoluble in trichloroacetic acid was determined as described previously (Toriyama, 1986b) . Analyses by potyacrylamide gel electrophoresis of the protein of purified R G S V preparations and the product R N A synthesized in vitro by the R G S V polymerase were as previously described (Toriyama, 1986b Sucrose density gradient centrifugation of preparations of RGSV resolved a band (T) that contained many ribosome-like spherical particles (see Toriyama, 1985) and two bands of filamentous particles (B1 and B2) (Fig. 1 a) . The incorporation of [3H]UMP per unit weight of protein of each fraction of the sucrose gradient was highest in the two fractionscontaining the B1 and B2 bands (Fig. 1 b) . This [3H]UMP incorporation was not inhibited by actinomycin D, rifampicin or DNase I (Worthington), but was inhibited completely by RNase A. Omission of the nucleotide triphosphates markedly or completely abolished the incorporation (Table 1) . Divalent ions, Mg 2÷, Mn 2÷ or Fe 2+, were absolutely necessary for the polymerase activity, optimum concentrations being 6 to 8 mM, 1 mM and 12 raM, respectively (Fig. 2a, b, c) . In an assay mixture containing l mM-MnC12, additional MgC12 did not affect [3H]UMP incorporation, although there was more incorporation in 8 mM-MgC12 than in 1 mM-MnC12. Addition of MnC12 to an assay mixture containing 8 mM-MgC12 decreased the [3H]UMP incorporation to the level of that in MnC12 alone. KC1, NaC1 and NH4C1 were inhibitory at concentrations of more than 50 mM. When incorporation was measured after 30 min, the optimum temperature was around 46 °C (Fig. 3a) and there was little activity at 34 °C or lower. However, when incorporation was measured after 90 min, 38 °C was the optimum temperature (Fig. 3b) . This suggests that the enzyme is slowly inactivated at temperatures above about 38 °C. The data shown in Fig. 2 and 3 , or described above, are representative of experiments repeated two or three times. Protein from purified RGSV preparations contained a minor large polypeptide as well as coat protein (Fig. 4) . The tool. wt. of the former was about 230000, which is similar to that of an RSV protein (Fig. 4) . A less abundant polypeptide of tool. wt. 50000 was also found in most RGSV preparations.
The major products synthesized in vitro by the RGSV polymerase (Fig. 5 ) formed three closely spaced bands (poorly resolved in Fig. 5 ) with estimated mol. wt. of 1.45 x 106, 1-35 x 106 and 1.2 x 106 (Fig. 5, lanes 1 and 2) ; these correspond to the mol. wt. of three of the four species of RGSV R N A (Toriyama, 1985) . RN As in these bands, and products remaining at the top of the gel, were degraded by digestion with RNase A, although three minor sharp bands were not digested by RNase A in 0.3 M-NaCI, suggesting that these represent double-stranded R N A s (Fig. 5, lanes 3 and 4) . Comparison with the mobilities of rice dwarf virus R N A species, suggested tool. wt. for these components of 2.2 x 106, 2.0 x 10 6 and 1.9 x 10 6, values slightly lower than twice the mol. wt. of RGSV species. The smallest R N A (tool. wt. 1.15 x t0 6) did not appear in this experiment, in which the B2 fraction of RGSV particles was used. In some other experiments, little or no mol. wt. 1.45 × 106 R N A was observed when B1 fraction particles were used (Toriyama, 1985) . Detailed experiments will be needed to determine the relation between each R N A species of RGSV and components B1 and B2.
The R N A polymerase activity associated with RGSV particles resembles that associated with RSV particles (Toriyama, 1986b) in its requirement for Mg 2+, Mn 2+ or Fe 2+ and its inhibition by monovalent cations at high concentrations. Both enzymes have a high optimum temperature, 46 °C for RGSV or 40 °C for RSV, when assayed after 30 min incubation. RGSV occurs mainly in the tropics and RSV occurs in warm rice-growing regions often in mid-summer; this geographical distribution may be related to the high optimum temperatures of their polymerase activities.
Although the function of the 50K polypeptide detected in RGSV preparations is not clear, the minor 230K polypeptide of RGSV seems more likely to be the RNA polymerase by analogy to that of RSV (Toriyama, 1986b) . However, none of the four RNA species of RGSV has enough coding capacity for a 230K polypeptide. By microinjecting purified preparations of RGSV into N. lugens, Iwasaki et al. (1984) have shown that certain fractions separated by sucrose density gradient centrifugation that sedimented below the two bands described as B1 and B2 in this paper were infective, and these therefore are similar to the infectious nB component of RSV (Toriyama, 1982) . No distinct band was visible at the equivalent position in the present author's experiments. The concentration of RGSV in infected rice tissues is 100-to 150-fold lower than that of RSV and the nB component of RSV is relatively scarce (Toriyama, 1982 (Toriyama, , 1986a . Thus any corresponding infectious fraction of RGSV would be present in very low amounts.
